Searching PAJ 



1/2 ^— v 



PATENT ABSTRACTS OF JAPAN 

(11)Publication number : 04-247878 
(43)Date of publication of application : 03.09.1992 



(51)Int.CI. C23C 16/50 

C23F 4/00 
H01L 21/205 
H01L 21/285 
H01L 21/302 
H01L 21/31 



(21 Application number : 03-190294 (71 Applicant : APPLIED MATERIALS INC 

(22)Date of filing : 30.07.1991 (72)Inventor : COLLINS KENNETH S 

RODERICK CRAIG A 
YANG CHAN-LON 
WANG DAVID N K 
MAYDAN DAN 



(30)Priority 

Priority number : 90 559947 Priority date : 31.07.1990 Priority country : US 



(54) VHF/UHF REACTION APPARATUS 

(57)Abstract: 

PURPOSE: To provide a plasma enhanced reaction 
apparatus which uses high-frequency AC energy by 
constituting an electrode as part of an integrated coaxial 
transmission line structural body which directly connects 
AC energy to a chamber and forms plasma therein. 
CONSTITUTION: The plasma processing reaction 
apparatus 10 is formed of the chamber 33 and the 
electrode 32C. The electrode 32C is constituted as part 
of the integrated coaxial transmission line structural 
body 32 which directly connects the AC energy of the 
selected frequency to the chamber 32 and forms the 
plasma therein. The integrated coaxial transmission line 
structural body 32 is opened by a central conductor 
32C, insulator 321 and outer conductor 320 which are 
wafer supporting electrodes. As a result, the vapor 
deposition and energy velocity commercially executable 
for various kinds of the conductors, insulators and 
semiconductor blanks may be provided. 
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m&mi} i (33) tnmtjiQ&.zztirX'Tm 
WKfcmm do) tlx, mm (320 *t, sirs 

S&fltitffc (3 2) cD-g&Xfc*;i££4#!*<hT*:/^X 

101^21 -«cfb^nAci^«^«8s&«ija^ (3 

2) 35*, ^x-A^Sffi-e»4^Sft (3 20 

_ <t. (3 2i> nmmmt <3 20) <tcto 
a. 

[1*5*^3] MfSB««a&«^^— A36»«« (3 2C) 
-C&O, ffJ§B5fE«»#£eiC. ^7X7S (3 3) £ 
^fi£1"aS (1 2) £WT*A^>*>y (1 1) S 
^^/^^7X7l (3 3) ^m&-r*. /\OiS>7fo 
tzmmisti1ti!x%LA.i\^-*— ;PH (2 7) 
#>y«t, 9i-A»fi (3 2C) 
0:n-/\;$#«fc£^x^ilMitex*U----> (2 
4) 9:c--AXJ*U (3 2C) 0^52288^0^12 
X£MJ — > (2 4) *ttT*ffi*>y^»^<0»fl*fX 

^^j^^tifeife^r^o^n^r^T^. x*u— > (2 
4) zm-cnQ-tfyv^SLtrnm u-ci/^^XTt 

(3 3) <hct0eJc*3. -H*ffc£ nfc(^tt€w£8S8*ligfc 

(3 2) 9x-A&J«M (3 2C) Ox— A 
S^fcS (3 2C) iWx«7^-;^ 

(2 3) <Drt«»*»BfcU X*'J-> (2 4) £*£T 
Zf^XT^<D%L (12) ^jWCMl&ttWn* 

(3 2 0) <L> ^X-AJ»M (3 2C) 
(3 2 O) <hcDfS]l;: (321) 

cD^atr, v3L—/\3zmn& (3 2o izte^T^^x 

(3 3) -v, yyXYl^bSt (1 2) tXirU 
-> (2 4) ^HXMC*ttLTtv&C£«tt*&?£ 
l <cS2«cd£j&&»., 

(Ci ) <hPl^m^in>^>Ht (c 2 ) icfco^S^ 

(USS$P3 (3 1) *«T. ££*ftB4fti&4* (3 2) 

$ n<*> z. t. <h -r zmntm x a^s 3 <& ? *> cd 

$efc, -<?x-A£fttta (3 20 t. 
*HMW«* (3 2 0) L,aC>. ACX^J^- 

* e atKBMB* ^ttirr * & «c« jb $ n* &e>\m& 

[lt*lS6] ^x-Ajfttl (3 2C) 

(5 3) ^*^«tC«J«L* (3 2 0) 

(3i> ^si^arn>7 r >^ (Ci ) tt4**tt 
(53) £mmnm£v>mzmm\,tziz&.wLmn>?> 



(2) ^¥4-2 4 7 8 7 8 

if (c 2 ) tio«ftct*ftitf«#5 5i:i2« 
[n#Q[7] i*t>\z, rnwoi >^>-t (c 2 ) ^a^ij 

[Hl^^8] mmm&MM& (3 2) as** 

SttfcJM*fc:$5<riT 1/4 Ofc+$Hc/|> 
S C <h «W IS tt*«*l 1 ^ 6 7 <D -5 % CD U 

(3 2) cofic***, S^$n^MCfe^Tl/4fi 

m mm.& ct o k: /h $ tr > c <h * i m&m 1 

68»*3« 7 CD 5 ^CDVi-rn^CDlt4cXgfC^«CDy^XV 

[l»**fU 01 n= 1> 2, 3. 

fir^Si^, ftj&*SS&l*3l# (3 2) 0Mttft3*f 
A/2TS*Ct ^^it^i^ 1 6»#3I 7 <D 

So 

2 **6*&8 0 0MHz mllSR^^ljR^n* ^/t. n = 
1, 2, 3, 3k£T?*0. A^aK^n^iMltlKlc^lt 
2>i&&-C&*m&* (3 2) Ojfe^^n 

A/2T3&-5Cl«i: chT 1 ^ ^I**Jg 7 CD 

^*>cd u-rn^cDsi*^ ^te«co^5 x^mmm.mm 
s. 

Jt? to 0 0 1 1 

[0 0 0 2] 

j&tSJC. CVD (fls^3»») IE (JS^ft 

awiwsts; cin^cD^stt. 

KHz «>e«a*^#913, 5 6 — 40. 6 8 MHz CD^i^ 

1MHz TTI1 -r^-><t«^^ Mft^lf^:, 
X-TP^-C^*: L fc^T-<-CCD^^^S86D«^Ltc V, 
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<3) 

3 

0 0-3 0 Otf^hiOte^aWCi*^ RMHz £A±X 

[0 0 0 31 ^©^'f7^t£^HTT^lW^ 
IEtfTCtt. 13.5 6MH2 T^^tlfcRFX^ 

««*u 0-15 y > je***s osuuv 

hJK M^BfR/^z-A^MIMKOBflhOtt^ (8 
-10) - 1 «5#J»»»fl>tti*««Sftt* 0. *3 
8 0 0 tfJU h<D^:n-/> <»«) 5/-X«ffiftfB<fe'*- 
-So 6 0#^X<Di8#£l$jtoT££, /HTXtEttB a? 
2 5 — 3 0/^~-fe>K 8O0^h7d>b»5OO-6 
OOtfJUb'vttTU X^>^&fttt«j5 0/t~-fc> 

[0 0 0 4] »±Lfc«*«flEB<Z>a»*i2ri 
& — /«E Sjffi i*® NTT <& tf. ii*Tttfc*®£tf>**J— $ 

x, n>/t^ httSKejtritTsc&i** rare**. 
[0006I mn&mtyj&i&mmmzmviLx&zz 



1tlMJ¥4-2 4 7 8 7 8 

#®1#f!FNQ. 4,842,683 , 1 9 8 9^6/1 2 7 BPSfiN 
*9l*3 t x>^ (Cheng) ^tC^T* £*LTV>£o 
»<©K«?a««, 8 0 0MHz JEUKDffltt** 
2.4 5GHz cDV-r^aiSx^;U^-^^fflUT. ^ 

#^tt<OX^JU^--*ax>i^ntf/cC^^^ B 

«La-ctt* x*ju^-»tt*fi^.*c+»"34*«ffi** 

[0 0 0 7] 

BW#**UJ;3<hT*»»J Sff5 0 MHz 
0 0MHz c7)Jt«WfCi$|^i*cOVHF/UHFX^;U^ 

c©ffl«St0>x*;i^--3OS. ^ 

< tt«rr « fc tixom u t >£«Ht c & * 

[0 0 0 8] 

*fc*MCi«jai£ACX*JU*— ^^t^^Xv^ 

[0 0 0 9] S^©MLfcl«tt. Il^fVH 
%it§SI(?)|5^VHF/UHFX^^-S:i 

[0 0 10] S^©«aLfcB»tt> ^^X^ 

ft&lZ* 2 0 0-3 0 0 hW+^CISViia<Ov- 
H F/UH F tftf J: < Wf X7g 

2. KM 
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[0 0 11] *5ri><Dffixt4, ^7Xvft^ 

#15 0 MHz - 8 0 0 

CO 0 1 2] iff 5g id. &£3StS&tfH6#*4> (1) 0B#<z> 
J3i£a:<Z>£^<E> 1 /4cfc9^&9/h<*tvg$£, (2) 

a* ^x^^s^x*^-*-*, /\r>>*>£wc 
&<onm& €> y ?x-?&^mr zruzm&&<n a c x* 

vmmmmt* (i> pm^sga. (2> R&4** 

iSl$:lA,Ti^^i^. (3) RfSMfcWS 

CCDtftflUC^rK ACX^M-^: 
W\Wr )l> <n Jfc R»**««»ciaox^^X 

*\>mnm*"<2kz. ^x^awEj&aatt* *jhm 

tfx— AX»a<DHH«A*6#>:? r • XS"J->£ 

aoxna#>^a«^aiin«. x* 

{0 0 1 31 WACX^^^$g 
InIK«q«rS^LXV^ 0 #Ittft^filiz*^T» R 

oTu*^ &*w4* mmnm^&wtv* a^ 

Milt tt^atffliaMtcofB^SEMJiJav? 
[0 0 14] 

aicwu Hut. fit^iOTi^n. ffi^ssv 
HF/UHFg^t^i^nri30> ;na*«Bfl 



(4) $frgg¥4- 2 4 7 8 7 8 

fcH<& ^Tfi RJ6£aS#tt* *M^7X7^ 

iS*»liijS*i:L,xa#«{C*fiS$nX5r^ 

3 3H Itf^^(0^7X7^t) , £<D$rl^ 

m.^itm^mmmmm^ m 1 icaattfltta 50-8 

0 0 MHz tefet»xB#iai6«<!=A»<S:<oniia>SaC>X« 
cfc<«f»^«6K:i»*c:<5:^(«<t«:0. «<*>x*Jt, 

[0015] ^ai oii, Jiiaj^^co/Nr>v?>^i 

*4* &*<0*»fcW»T««£*u N112^ -b«(t 
JSSBCDSl 3 t 1 4 ttfATV^. OU >^fc£J*£ 
^3 4^ #<<0»^aoWK:ttAsnx. JtS# 

>ycto^-5K^^atcj:o»^;$n^* ssa 

f^Qy • /U?**IT, 13 3 t»«lTU 
a^OtfjERtfEBfeaffloT 
Bg-Cfc*. UAtf, ^-^7>^^>yj4, ^<<OffiJIEI| 

[0 0 16] 5J*:tfXi4, #SS#*fl 9T^^nx^ 

7-^-;H« 2 7«r3ioXI*l«Xa!»JM5 3 3-\^A~r 

<&aH0ftai*ihfcJ:&fc0>-?, x v^>^^Xi5^v^4^ 
f^/7^3 3^I0> MiSRFX^^-^CDt 

S£^t5 0 — 8 0 0MHz OVHF/UHFODX^M- 
4? 2CD±^^ StffiWOIIll 2. iifflgl 3. 7- 

$ etc. R*>coifeiGOTfctt/grafE.5. 

-HOffi'E^R *5UH ^1 : l<^mffi®«tt 
(KffiffiW : a«®«[= 1 : 1) A<s&mti&m&. Wig 

1 2€ry7XT^eiisit6ct, -r^t>^, m%k&m 
[0017] imoxnbn^ij^® 

ic^4, ^fXlXAn^x^— ;t K27 * U*4*VS! 

50 CDiSiS^. *-5««Ji**t^tt«TJC, ££iJic&-5ifcB§ 
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(5) 



£Hfc5£4-2 4 7 8 7 8 



8 



10 



20 



m&n&Mm&nn&m. &«3 2c^&jnan#K 
—a i 5 t&m3 2 c t <Dm<ox x<D$*tem&m<om 

S$*ff 35No. 4,872,947 , 1 9 8 9 ^ 1 0^ 1 0 B^fr 
#S4#i*mf*0. 4.842,683 , 1 9 8 9^6^270 

to o i 8] *m&^<OB£m** &j£tii£&.<D^'rti<D 

^Tncaitoff^fcjg^LTtA*. fi*j;U£. 5 0 0 5 U b 

(£S«I^OT1S^> 
0 * U b)l<<Dmm-C> ]BllS5d>5cin^3@-C?A>^. 

11011 ^{t^Y^i^fb^Y^^^CD^COiiSffit 

<gjE<on»<h. -mifr^m. mttr^m. <r^m. # 

'J >- y n ^ - ^ Aft: mm<v (smS^ttJK 

<DTO«***# <fc 0 f£3 C VDMft( face ting) £tcWJ8T 

S&Jlfct, ii^tcaiai^n^^S^aifilNo. (Docket N 
0.15 1- 2), Sft "WWx-AlCidllBi* 

[0 0 191 ^3giC. lAnTr^-;P K2 7^6cD^/ 
\Z> Itl^7^-^K2 3H H-fflff^ffll^ 1 2 <hJK 

iH t±.t&o>mmk&>?x* u — > 2 4 twrniiz. 

* — Jl> F * U-> 2 4HU F 2 3 £ *40 

Z, . =Zo • (Zi +jZo 

Ai TrJ&O* A. Ji^^^tt^iS^T^^o A. 

= At s / ( (€r ) XmUr ) 0 . lit, £r 

liJtfc** <mnm&) , mi. ttitj£5B^> Afsfctgffc 
£ffl!li5tt*ifi*/.* — MUTT, (3 0 0X 1 0 6 * — 

[0 0 2 31 (S 2) £0* Za =Zi &Sf*, 



30 



•1*3 2 ^^n*t«3 2 O t<Offlt:Wfit«®» 
^±GDG8?L 2 6 ^It^^Xil H^IUT 

£#<z>;tfx vastus. ji*i 9(ciB^T^Anv 

Z^-^K^b^i-Al 5£lftl)i cftS&2 1 fdfeoT 

[oo2oi s i £^2 nzmisx. mw3o 

^bl^.n/tM^5 0-8 0 0MHz (Dftmi&VMF 
/UHFI^I^-It fi^lalHjH3 l-vA^7$n, ^ 
#ga#^-3 2{cJ:om^UT^J^ti/i:^cr)« 
fifc^aiKlJ: 0, ^3 3 <h^ft<7> ^ Xv(r}&^ LXV> 

-f>tr-^>xzi «3*«*»/hfc-r**#K:jstrifs»iii 

[oo2i] miy-^^K3 2^<>e- 
5^>xzo ti, (^i) fao^^n^c 

Zo = U/e) 1/3 2rt I, ( ro/r. ) 

Mr =1 

H = £ • * £ i 
£ T 
£ o 
To 
T i 
Z,, 



=8. 8 5X1 O- 32 777hV/-h^ 
[0 0 2 2] 

tan/3 1)/ (Zo+jZi tan i3 1) ' (2) 

m±<&mm$L%iiiz&^T, Acx.*ji¥-v>$i&<ni/ 

lo^b 1/20 < ?5:',tntob^^, 

05J^.^> 1^13. 5 6MHz <D'<£M&m<?> i %&* Afs 
«2 2. 1 A— h;UiC^Lt^„ U^U. Wtf/ 3 0 0M 

hz (ois*&i(o&&m&.&\z*5^x. kt*it#mzmfr 

<. ^l^-h;U"C*S. &^T* 3 0 0MHz <w%m 



50 
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3. {Ki£*&S&«5£{*3 2 

v-?>Amm<D&n&* &&&&&& *>03l-/\^<d 
Bii^i9 2^»dn^eaiiift«a*3 

- <t> ^R<Ol||«#*#:3 2 0«h, M3 2C*iAiT 

»i^*«LT^* § *&&2*lfci£<i3 2 C^^i 
»3 2 0t^ &E^[U&*fl3 1 ^^7X73 3 £(Dffi\Z 
ftmLttm&&1&ffcLX^Z>u — ^05J3S«SgS»3 7 
tt. S^IS§S«l^«=>l£ffi3 2C0*MlCtt~?T. 

^7X7 3 3^6^X7d^-^ K 2 7 iill 

si 2<nsz»<Dt*immmzft\,** nmizmsL^- 

J* H X ? «J - > 2 4 Pi. «t*«t^^f X»ttJ§6««>— 

[0 0 2 41 Sofccox*;!,*— «n*.Ti^*i«L rf« 
ec«, 8«3 2 c<oi*^f*!aB-r>tr-"^>x 

£nsBw^#3 2o©raffi^Dsn$*^c3a:^ #5 

0 — 8 0 0 MHz 0WHF/UHF<Di9^§Ml5«*»fc: 
*3UT, rtl6^»*^fi, UIJC2/10-3/10 

&^R-S^CDli[^<D[^ffi3 2 Ct^«iC^:# 

*L^ttf*fctettT**£-r*.2:* s&iEissam. eat 
«*<B#x*o»Bfe3trcfcO. 



(6) ^¥4-2 4 7 8 7 8 

10 

at, 

m. e£#g&3 2, awst^y^xvtt; SjSM 

[0 0 2 6] ^TSfCO^a^tCi^ia^$r(g:zJi^-^^56 

20 \f—?>XZi 1 t-A^6 3 0 AC0*SIBf*Hc: 

&5l£t7t<£:> 50e37T7Kd»6«4 0 0 t:3777 
FcOfiSfflrtO* W^>*>X£cfc 0^tt^ 4 £CD*£ 
«>g&t><D£ LT, ftffr-f > fc?-^>X<Di6ffij*3K 
ipj&CDAS* Tft:*>*» #J 1 0*-— A£>6 1 5 sf— Ace 

[0 0 2 7] (j£2) CtOfi^K/TSfttV^J: 5 

>tr-^>xcD3B«*»JtT«feaC>IC, J**K:«<r*c«fc 

&m\z % i/4««, a / 

» 4ck0^^0^h$<, 3 6icl^@tc:, » (0.0 5-0, 

m-c&ntf, i/2«[gc7>a»:cDmi&n^ 

1. 2, 3> «:i:fc*Ll»ejll»Bft«*«^Tr*CtK: 
J:D. -f >tT— ^>XlCWaUfcl/2«fiOP[«!ttT 
^^CtT*^ (A/2, A > 3A/2. £t£) o 
KIjEfllJCtt, fiPjS&tefcU A/2~ (A/2+0.0 5 
A) , A— (A+0.05A) , 3A/2- (3A/2 + 
0.0 5 A) /«ti:T*5, CCDj:-p^«=C0T*C. 1/4 
49 ift^SB7> <*^t>«. nA/4, n»#ft) It 2, « 
Zii = Zo 5 /Zi Tftd^?IC]e*L« Zi 

tt. l/4»*«)lf««)I» U/4/3A/4, 5 A 

/4> icE«-r^#T*v^ Kdisn«r». 

[0 0 2 8] ^Ac. W»«*0<fc^fl»C«l/T, •» 

ss#m#3 2o<Dp^m (Wtm-irm ^^<os»«*3 

o0 2CC0^^ (»rM^i£) <t0^i0^tm^b?S; 



-458— 



11 

w mi* n-gm*. «5o-8oomhz <d 

fc^T. !/4i£:gCJt»LTlMitKM<, (2) 

(3) *&<»mnfr<n^m<£K)&i£K)*:&<tii^ 

5S<. TtSiti*. ^(^1/10*^^11/20^0 

*^#«ET«c^ic<fco, m&\m&mftiz-c>y?*> 
^utir^, S3 ^s4tc^$nfc«^ji]gs«g6D«i^ 

-^7^7X7 33f:i-50 A 
U T JP*-f AOZ , . &Z>m*1sLm2nitW}iZ*> tTlr* 

t* >t?3.-^ 6 o c«jflsnr^-^M 



(7) ^¥4-247 8 7 8 

>tHI 5 7 i 5 8 ^©PIICjfXSnTV^. aS^tl^. 
8 0 0MHz a>lClr)niftft*«3^&XMr«C2:(C<fcD 

wztmjizMmT&mtiiz&r). $miz±€^mm<o 
[003 i] i5j^^«^;5nfe(S^j<Dzi >^>itc 

7-^tt->- h 5 9 J: 0*«3nt* 0 > ^<OJI« 5 6 
*iA7jg&5 0 &Ct£*£LT. zi>^>itCi 4)J:5K:, 
— *M 3 K<fc0&g&6 3iz?9^-r»#, C 2 <D*-w*~> 

[0 0 3 2]-«i:» v^-rncD pj^zi >^>-^<^j^^ 

tt, »A^^#»r»BRSnfc»«tt#«fCJ:0A^» 

5 o^tW9K:a«i/T^«. &L&3w>r\Wy'tfi 2 
<OJ6»i:tt^lHl»IH!r-X 3 5 <Di:«£<Bin©8SM«Mi 

6 4H B^mssiai3 i i:^<Hy^m^3 2o*pjcm{a: 

[0 0 3 33 -«t^7"Dt7Mi 5 0-40077 
^ Kill^JCD 1 — 3 0t-A^lfc7°7X7RCf 
>tf— ^>X^KLT, C, iC 2 » % 10-4 0OtT 

mi} ^UHF/VHF^X-e^i^lii^ 

so (ommm~e&z>* 
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(8) 



«fW¥4- 2 4 7 8 7 8 



13 

1 1 /\Oi?># 

2 3 k 

2 4 #«±**'J-> 



24 



2 7 ^X^AnTZ*-^ K 

3 2 -^fbJ§I#^^«jt^ 
3 2C 

3 2 i fast* 

3 20 ftffil^flc 

3 3 Z/^X^^ 

3 i s^mas«q 




[0 4 1 




-31 
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(9) 



**BT¥4- 2 4 7 8 7 8 



7D> h^— isntitm 



(51) Int. CL 5 

HO 11 21/31 



C 8518 -4M 



F I 



(72)&m& *W$f x-f n-^U'y* 
^-f»y 776 

95032 OX #hX WU7 :r^X 
16569 



(72)%^* f^f^'y^ XX fr-f 

95070 tf^htf V — e— D — H 
15230 

<72)^9^# ;*-f$<> 

94022 OX T^hX fcJUX 7"JX 

u— > 12000 
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